
MOLE-AND GENETIC 
MEDICINEm~ANFoRD 

The program for molecular and genetic medicine, focused in the Center for Molecular and Genetic 
Medicine (CMGM), defines the academic blueprint for the Stanford School of Medicine in the 
immediate future-as I suspect it may for many of our comparable peer institutionsThe program 
is designed to maintain and emphasize our uniqueness by recognizing where our exceptional 
strengths lie. 

Stanford’s singularity is rooted in the creation and transmission of new knowledge and 
in facilitating its application to clinical problems.The way we teach, the kinds of students we attract, 
the strength and elegance of our several MD/‘PhD pr-ograrm-for example, our preeminent Medical 
Scientist Training Program-all contribute to the School’s style and environment. 

If we begin from that premise and recognize the expanding revolution in the biological 
sciences, we can anticipate the impact of new molecular insights and tools on the clinical missions 
of the School of Medicine.The power, the precision, and the applicability of the basic sciences 
we pursued so vigorously over the past decade have taken quantum leaps and are poised to illuminate 
our understanding of human health and disease in ways unimaginable only a few years ago. 

I believe, although my perspective as a pathologist may color my judgment, that the rational 
practice of medicine must begin with a pr-ecise understanding of what is wrong-with a precise 
diagnosis. Without that knowledge, one must resort to indirect, imperfect analyses and remedies that 
may be only marginally effective. We now have the capacity to look at diseases in entirely new 
ways, to gain a more detailed and specific understanding of what has gone wrong, and thus to develop 
more specific and effective approaches for dealing with these problems. 

The purpose of the CMGM and the overar-thing program is to make it easy for scientifically 
astute physicians to rub shoulders with clinically astute basic scientists and thus encourage a col- 
lision of ideas between the research laboratory and the clinical setting. If we can provide the necessary 
milieu and context for these interactions, and thereby develop the requisite critical mass, a wonder- 
fully productive synergism will result. 

In short, we intend to create a critical mass-the right numbers, the right people, in the 
right physical and intellectual configurations- then sit back and take pride in the understandings, the 
insights, the novel therapies and the strategies of disease prevention that will flower from the effort. 
We expect that this program will also provide an incredible training ground for our students and fellows, 
predoctorals and postdoctorals, as well as MD/PhD students-that remarkably gifted group of 
yourrg men and women who are looking for challenging career opportunities in precisely this kind 
of exciting envir-onment. 

From aU of this it follows that the Center and the program for molecular and genetic medicine 
provide for the Stanford medical school exactly the right blueprint by which to shape a remarkable 
and exhilarating future. 

David Kom, MD,Vice-President and Dean, School of Medicine, Stanford University 



THE NEW BIOLOGY 

Questions about the nature of lie-how cells grow, reproduce, dii- 
ferentiate, and transmit their characteristics to their offspring- have 
perplexed mankind for centuries; they have only recently begun to 
be unraveled through knowledge of DNA (deoxyribonucleic acid). 
In its double-coiled strands, DNA contains the instructions for 
every known process of lie. 

From 1869, when Fredrick Miescher discovered nuclem, 
biologists, chemists, and geneticists built discovery upon discovery 
in their search for understanding of the processes controlling hered- 
ity, In 1944, three scientists at the Rockefeller Institute-Oswald 
Avery, Cohn M&loud. and Maclyn McCarty-studying the dii- 
ferences between the virulent and nonvirulent strains of pneumo- 
coccus, identified deoxyribonucleic acid as the carrier of the genetic 
code.The culmination of the search for the structure of DNA came 
in 1953, when James Watson and Francis Crick proposed their 
double helical model of DNA. 

The discovery of the &mica1 nature of genes and the resul- 
tant cracking of the genetic code triggered one of history’s most 
significant scientific revolutions. It led to the present belief that 
almost all human diseases are, in some way, genetically determined 
and that @en precise understanding of the structure, organization, 
and regulatory processes of genes, many diseases can be prevented 
or cured. In the years since 1953, the tools of molecular biology- 
gene cloning, restriction enzymes, recombinant DNA techniques- 
have advanced theory to the threshold of practical applications, 
which offer hope for the prevention, diagnosis, and treatment of 
human disease. 



Scientists at Stanford University School of Medicine are 
poised and equipped to be at the forefront of this new age of med- 
icine through a broadly based, multidiciplinary program in molec- 
ular and genetic medicine. 

Stanford and the New Medicine 

The excitement and promise of the new genetics have deep roots 
at Stanford, beginning with the appointment of biologist David 
Starr Jordan, as the university’s first president. 

The most widely recognized breakthrough of the modem 
era in genetics came out of the Stanford laboratory of George Beadle 
and E. L.Tatum.They theorized that each gene specifies an enzyme, 
and thereby facilitates a particular chemical reaction in a cell (the 
one-gene-one enzyme hypothesis). In 1958, after both had left 
Stanford for other academic posts, they shared the Nobel Prize in 
physiology and medicine with Joshua Lederberg, who was named 
the following year to head the new Department of Genetics at the 
medicai school. 

In that same year, the School of Medicine moved from its 
hundred-year-old site in San Francisco to the main campus, there- 
by unifying Stanford’s science faculty in one location. 

At the same time, the medical school benefited from 
an infusion of distinguished new faculty: pediatrician Norman 
Kretchmer from Cornell, Nobel Prize-winning biochemist Arthur 
Komberg (along with most of his department) from Washington 
University and geneticist Joshua Lederberg from the University of 
Wisconsin, to join Henry Kaplan in radiology and Avram Goldstein 
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of pharmacology already at the School. 
A series of important advances followed. In the 1950s. Rose 

@me, then a research associate in medicine, determined the cause 
of white-cell antibody response following transfusion, leading to 
knowledge of the human leukocyte antigen @-II& complex, of 
major importance to the study of immunoio~. Later her labora- 
tory played a key role in developing techniques to determine the 
genetic compatibility of donor and recipient, contributing to the 
success of organ transplantation at Stanford. From 1963 through 
1906, Stanford was a leader in kidney transplantation under the 
direction of Roy Cohn. In 1969, Norman Shumway initiated the 
Stanford heart transplantation program, which evolved into hear%’ 
lung replacement in 1981. 

In the 1960s building on earlier work at Stanford and 
elsewhere, Hugh McDevitt discovered a new class of regulatory 
genes that controis the body’s immune response to foreign sub- 
stances lie viruses and bacteria, which suggested that individuals 
may have predictable genetic susceptibility to certain diseases. About 
the same time, the world’s first device for separating complex cells 
according to their biological function-the Fluorescence-Activated 
Cell Sorter (IFAm-was developed in the Department of Genetics 
and was applied successfully by Leonard Helzenberg to study the 
body’s immune system. 

In 1968, David Kom joined Stanford from the National 
Institutes of Health to head the Department of Pathology He cre- 
ated a blueprint for the successful melding of distinguished basic 
science with excellence in clinical practice and teaching. 

l& cyck of Netucspora 

5 



aAoIomm/c4Nm BIOLOGrsT 
Henry Sqnour Kaplan, MD. bet known 
perhaps tar his development wth Stanford 
phywxs of the mcdited chmcai. linear 
acceimtor. actueved a @t.3pxmon between 
science and ~racuce that was rare for 
phymms ci his ~enerahon. 

He came to Stanford XI 1948 to head 
a new Depamnent of Radio@ and msmed 
from the sari that ra&obrol~-the wdy 
of the effea of radianon on liwng b,oiogcal 
systems-k pursued Daenmnrd to take 
on cancer as a Me-nme advnsaiy (his 
father developed lung czncer when Henry 
was only tiiieen). he early found that the 
leukemns and lymphomas mtcrested hmn 
most--a deosmn that strongly Influenced 
the wdepread interat m  those wncen 
in many departments ar Stanford. 

Kadan’s research on m ”u(e leukemia 

and led directly 1” hrs effectwe treatment of 
Hodgkin’s disease. In the Cdncer BIO’“Y 
Research Iabxaro~ that he headed, he 
a-at~ carry on the twenty-nmth year 
of that NIH fundiia rrant 

Before hi death;; 1984, the Stanford 
Board of Tnxtees stabltshed the Henw 
S. Kaplan Prof&orrhlp m  Cancer Bi”& 
the fim holder ofwhxh will be a parr 
of the C&GM. 

The Golden Age ofGenetics 
In 1971, &ul Berg and his students synthesized the fn-st recombinant 
DNA molecule from the genes of a tumor virus and the bacterium 
E. co& A year later, Vittorio Sgaramella, a postdoctoral fellow 
with Joshua Lederberg in the Department of Genetics, and Ronald 
Davis and Berg’s student Janet Mertz, in the Department of Bio- 
chemistry developed a simple way to join DNA molecules together 
outside of living cells. In 1973, geneticist Staniey Cohen, then 
working in the Department of Medicine at Stanford, and biochemist 
Herbert Bayer at the University of California, San Francisco, col- 
laboratively developed a way to construct biologically functional 
recombinant DNA molecules and propagate them in living cells, 
giving rise to the age of genetic engineering. A few years later, 
Cohen and associates, including Rabat Schimke, of the Depament 
of Biological Sciences, showed that mammal ian genes could be 
expressed in bacterial cells. 

In 1980, Paul Berg was recognized for his “fundamental 
studies of the biochemistry of nucleic acids, with particular regard 
to recombinant DNA:’ and brought a second Nobel Prize to the 
Department of Biochemistry. Over the years, members of the 
Department-Arthur Kornberg, Robert Lehman, David Hogness, 
and Dale Kaiser-as well as Stanley Cohen of genetics- had devel- 
oped novel techniques that allowed researchers to examine the 
structure and control of genes of higher organisms in previously 
unimagined ways. 

Stanford’s contributions in immunology, genetics, bio- 
chemistq and neurosciences in those first twenty-five years were 

matched by clinical advances that moved from the laboratory to 
the hospital: heart and heart/lung transplantation; new methods 
for beating lymphomas, particularly Hodgkin’s disease; life-saving 
techniques, including respiratory therapy, for critically ill new- 
borns; and the use of antivirals and monoclonal antibodies as 
therapeutic agents. In 1981, Stanley Falkow, a pioneer in the use of 
genetic engineering to develop vaccines, reorganized the Depart- 
ment of Medical Microbiology. He recruited such outstanding 
young scientists as John E%oothroyd, Edward Mocarski, and Gary 
Schoolnik for the work, cooperating widely with physicians in the 
Division of Infectious Diseases.Thomas Merigan, chief of that 
Division, was an early researcher in the therapeutic use of interferon 
and is internationally known for his continuing work with antiviral 
agents. Ltigi Cavalli-Sforza, a world-famous population geneticist, 
has pioneered in the use of DNA markers to trace human evolu- 
tion and in developing mathematical models for evolution. 

A younger generation of talented scientists is working in 
molecular and genetic medicine at Stanford today. Mark Davis, 
also of medical microbiology. and associates at the NIH and the 
University of California, San Diego, have isolated an elusive gene 
that carries many clues to the immune response. Jeffrey Sklar, 
pathologjst, has developed sensitive new methods of DNA analysis 
that permit early discovery of cancer cells. James Rothman, bio- 
chemist, is studying the role of the Golgi apparatus in protein 
transport; and F5te Skene, neurobiologist. has discovered a useful 
growth-associated protein that holds promise for the regeneration 
of damaged spinal cords. 

Dep&nent of Medane’and began the study 
of plasmids-small urcular stietchn of 
DNA that are phywaUy qxrate horn the 
DNA “I the bactenal hrxt ceil. Dunn% 
these studies. Cohen deuaed method? for 
mmduun~molecds of plasrmd DNA into 
bactena. From such work came the con- 
cept of u”“g the self-rcplrcahng plasnuds as 
camen tar the propagarmn and clomq 
of foreign genes hnked to them In 1973. he 
and his asxc,ates lamed together rqonc 
of separate plasmuls to yuzld the first bio- 
Iwgc& funcnonal DNA molecules con- 
structed outsIde ot l ivmg cells These stubs 
were followed by expenments i” whxh 
DNA qnents from two different bactrnal 
spaes were linked to form remmbmant 
plasml& that reproduced themxlvss when 
rnntroduced mr” ceils Shortly the&w 
Cohen .md ha assoc~~es showed that even 
DNA dewed from anm~ai cells can be 
propdgated in bactena by lmkq tt to pIa,- 
mids and that such methods can be wd 
to date and study mdwdual gnr, from 
complex organixns In 1978. Cohen- 
q&r with Pahen Schtmke “t the Deppan- 
ment of Biolwcal Silencer-achmed the 
first prcduchon m  banena of a b,ologwlly 
achw protern encoded hy DNA tramferred 
from hi~er”rgan~rms,maiangpract~cal the 
consmxtron of baccnai “factorw’able 
to syntham hormontz and other sene prod- 
ucts ordmanly made only m  ammal ceiL. 
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BlUiXLNG BASIC ANiZ 
CUMCAL n4MuN0LoGY 
Hugh ON-ill McDewt,  MD was named 
the 1985 tier of the Llta Anncnkrg 
Hazen Award for Excellence m  Climcal 
Research. which ated “his elegant re- 
search. which bndges basic and climcal 
immmoiGgy .” 

A world leader m  studis of genenc 
control of the unmune system and 15 rela- 
txmsiup to diseas risk. Dr M&vat wils 
a pioneer I* ulc”“elulg the re1anonstdp 
between the genehc control of rhe immune 
‘BPON~ and related wephbility or raw 
tance to a mde range of diist~ much as 
rheumatoid anhnns, Gnvti disease. and 
insulin-d-dent dubeta. He was respon- 
sible for many of the cmcnl &covener 
that underljetheasxxiabon baween di5ease 
and the human leukccyte anogens Mw 
and for the development of unmunol~cai 
approaches for the treearmenr of disease. 
About iony diirase~ are known to be 
asrodated mth tLA tp.3 that c”nml 
wxpubility to them. 

Some of his fmdng offer immediate 
0ppomJruties for patient care: knowled,ge of 
gemem sllvxpbbiily ro a diseas? may 5upp-l 
pmaunonary action. For example. about 
one m  five individuals who carry the 827 
marker wll develop Rate& disease second- 
ary to an infech0n mth sah0neua. Sh- 
geffi. or Yemrua. 

Stanford’s l&tic&r Vision 

THE CENTER FOR MOLECULAR 
AND GENE-X MEDICINE 

The great discoveries of the past century-antisepsis, vaccination, 
and antibiti-eliminated many major l4llexThe human disorders 
that remain have been frustrating and difficult to treat because they 
have been understood imperfectly. Many arise from errors in the 
development of the fetus: some are so severe that the fetus does not 
survive; some result in the birth of a deformed child; others remain 
quiescent until middle-age, when atherosclerosis or kidney disease 
or cancer occurs. Another broad category involves inappropriate 
response of the immune system: sometimes too great, sometimes 
too little. Other diseases ranging from arthritis to alcoholism, from 
manic depressive psychosis to schizophrenia, have now been iden- 
tied as genetically destined. 

It is unlikely that these diseases will be prevented or cured 
until their mechanisms are understood-a challenge that calls for 
scientists and physicians who understand the new biolo9 

Stanford’s program in molecular and genetic medicine grew 
out of that vision: its pqose to expand and reconfigure the basic 
sciences, and, at the same time. to build bridges to physicia~scientists 
in clinical depamnents. 

Many clinical departments are already engaged in the study 
of disease at a molecular level. 

A radiation biologist in the Department of Radiology is de- 
signing new drugs to enhance the effectiveness of radiation against 
cancer cells. Psychiahists are studying the chemicals in the brain that 
seem to affect mental illnezs.In a combined effort between immunol- 
ogists and neurologists, an experimental disease in mice that closely 
resembles multiple sclerosis is being successfulIy treated with a genet- 
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ically engineered protein. 
Both the program and the Center in which it is focused are 

led by Paul Berg, Willson Professor of Biochemism The 100,000 
square foot laboratory building will house the Department of Bio- 
chemistry. the Department of Developmental Biology, the Depart- 
ment of Molecular and Cellular l’hysiolw, and the Howard Hughes 
Medical Institute Unit in Molecular and Genetic Medicine. 

Department of Bicchemistly 

Biochemistry lies at the heart of the biological sciences and, therefore, 
at the core of the Center for Molecular and Genetic Medicine. Stan- 
ford’s Depamnent of Biochemistry is internationally recognized for 
its research in the fields of genetic chemistry and ceil biology. Its 
alumni, numbering in the hundreds, include many of the leaders of 
contemporary molecular and cell biology Initially organized and led 
by Nobel laureate Arthur Komberg, the nine faculty members in- 
clude a second Nobel laureate, I&l Berg, and seven members of the 
National Academy of Scienca.The Department’s work in biochem- 
istry. molecular genetics, and the related fields of protein structure 
and function will be fundamental to all groups in the Center and in 
the training of physician/scientists at Stanford. 

The Department’s research in the 196Cs, inspired by interest 
in the mechanisms and regulation of DNA replication, recombina- 
tion, and repair, and later by the expression and control of genetic 
information, laid the foundation for the recombinant DNA break- 
through in the early 1970s.The concomitant development of mo- 
lecular cloning by geneticist Stanley Cohen and his colleagues paved 
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When several of UT cane together to 
Stantord from St Low m  1959 to ionn 
a new Depamnenr of Biochenmhy we 
believed that blcchermmy was the k-one 
of medrai education and pract,ce We 
mlldo 

The Department has smce played an 
important role in the rmlutionaq~ develop- 
TIICIU of !UIOW~~~C about DNA, an effort 
that everyone m  the Depamnent has con- 
tnbuted to ~~#u6candy And yet. our rrxarch 
ws not dqnrd for pract ical applicahon. 
and nonr ok us annapated that the work 
on DNA would lead to malor appkcat,“ns 
in meddsme and mduuy 

Au the thunder and exntement generated 
from the appkcahon of recombmant DNA 
tdnoioq to the probiem~ “i human &sea% 
porn6 to an even greater need for cmphanr 
on baw scientific inquuy For msfance. 
iecent studies on the man~pulanon “t DNA 
have shown that the work wdl progrex 
only through mueased knowledge of the 
protems involved I” canymg, out and con- 
toliq DNA synthex~ and the expreaion 
of its genetrc coment The people who 
are wohng on rhew protans have not had 
adequate retogmtion md suppon-a state 
that nu* be corrected if we are to solve 
baac problems in biology and medrine. 

Many fm,~ i have devribed baw 
research as the”bfehe of medicine:’ Raearch 
$ amhal for advances in mednnenr. there 
mil be no soluoon~ to mqor dmasc prob- 
lems ior whrh we lack bane knowled$e. 
shon ofacqwnng thatkno~vled~clnspeak- 
L”S to phywtanc at profewnal meetings 
over the years. I have expressed my beliet 
that rhey-we-haw nor fully enloyed 
and expressed our creatwny in applymg 
smnce to everyday medial queaions. 



Diagram shorn how emyms operarem 
the re,o!icaoon of the DNA “ia bactenal 
chmmcmme. fkthurKomtq) 

the way for the explosive impact of molecular biology in medicine, 
industry, and agriculture. 

The principal research focus has been and continues to be 
concerned with the structure and function of macromolecules- 
DNA, RNA, and proteins-in both higher and lower organams. 
Recently, these fundamental interests have expanded to include the 
developmental controls that determine the body strume of the fruit 
fly the ways certain bacteria alter their gowth cycles, and the me&- 
anisms by which the newly synthesized proteins are targeted to spe- 
cif~ cellular locations. 

The Arnold and Mabel Beckman Laboratories for Bio- 
chemistry in the Center for Molecular and Genetic Medicine, were 
funded by a gii from the Arnold and Mabel Beckman Foundation. 

Depamnent of Developmental Biology 

How a single, fe&ed egg develops into a multicellular adult animal 
has been a fundamental question of biology for many years. As cells 
within the egg divide and differentiate, the body plan begins to emerge, 
and a complex set of cell movements,  cell interactions, microenti- 
ronments, and sequential activation of genes results in an intact and 
functioning organism. 

For many years, developmental biology was essentially a 
study of embryology; during the past decade, that focus changed 
dramatically. Advances at the molecular level. particularly the ge- 
netic control of development, have been explosive, yet they are only 
the beginning of a major movement throughout biolog to under- 
stand the mechanisms underlying developmental decisions in the 

cell and the effect of those decisions on cell structure and function. 
The new Department of Developmental Biolog will inter- 

act closely with others in the Center: with biochemistry’s interest in 
control of gene expression, chromosomal replication, and protein 
transport within the cell; with physiology because of the latter’s 
planned focus on ceil-to-cell communication: with the Unit in 
Genetic Medicine through that group’s interest in oncogenes and 
their role in development. 

Developmental biolog will also have important ties outside 
the Center: with faculty studying the development of the immune 
system in mammals  (genetics. medical microbiology, medicine, and 
pathology); with the Depamnent of Biological Sciences on questions 
of plant and animal development. Fundamental discoveries in devel- 
opmental biology can be rapidly transferred to physicians in the 
Departments of Pediatrics, Medicine, and Gynecology/Obstetric 
and thereby aid in averting errors in the development of the fetus. 

Department of Molecular and Cellular Physiology 

There could scarcely be a more stimulating time for physioiog 
than the present, as major problems posed by organ physiology- 
heart and lung disease, diabetes, and growth regulation-are being 
solved in the language of cellular and molecular biology. 

The new Department will invdgate the gene products that 
regulate cells in important physiological systems: the machinery that 
governs their properties, messages, responses, interactions, and func- 
tions. As such, the work will have a major and important impact on 
medical therapeutics-the endocrinolog, metabolic medicine, and 

Sme there E no way to predxt where 
an mkctlon w,Hanack.s~eclahzed or$m- 
spleen, &r’s patches and lymph nodo 
--C&Q the forage substance; from wher- 
wer they ~nrcr To get the right lymphocyte 
m  the nghr place at the right time. most 
lynphocyes are mobile and acqure moiec- 
ule~ ihommg receptors) that allow them 
fo rraftic imm one FUt ot the body to 
another. ~~“ppmg at a we that has a match- 
ing antigen receptor WeEman’s group has 
di.mvrrd that there are at leas w” hommg 
recqon on m m  lymphcqis: one that 
wdl so to any lymph node: one that gors 
only to a gu-assoaated structure-the 
dyer parch. Most rumor cell f leukemias 
and lmphomas) have only one or the other 
homing receptor 

One way 10 study the de%el”pmentai 
biolos of lymphoc!ta LS to xk when the 
hommg recepton dewlop then wxk back 

developmentally cornmined and hrtero- 
~enmus~” It IS a fundamenral question 
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A P4IFt OF CANCER PESE.ARCXK 
The name5 of “ncologist/ immun”l”gsl 
Ronald La-v and oathoioas? Ieffw Sklar 
have bea j&d ,ently> jbumal ~I?ICICS 

inwltigB-cell lymphomas.DrSklarhas 
f-d on the idemlficaoon of lymphomas. 
DT LRy on m&nduaUy dengxd thenp~t% 

j&q, Sklar. MD PhD, has developed 
p,wiul moledar tools to detect and chamc- 

method”-immunogeeno~mg-whsh da- 
tmgusha qu&iy and accurately between 
bexgn and malignant procrscs of lymph- 
ccytes; and molecular hybridwon pro% 
to detect chromosomal change that are 
consistent and +c m  cenam cancers 

allergy medicine of the future. 
One question concerns the way intercellular messages are 

packaged and sent and how they are recognized and received by 
target cellsThe distribution of cholesterol and fats throughout the 
body via a messenger system of blood lipoproteins is one such 
system. Disorders in the production of this lipoprotein packet, in 
the handling of the packet in the blood, and in the receptor system 
can lead to heart disease, atherosclerosis, and stroke. 

The brain and its associated pituitary gland are another 
example of intersystem communication.?hey instruct several organ 
systems by hormones whose synthesis and regulation are geneti- 
cally encoded.?he list of diseases involving the inappropriate sending 
and reception of these small molecule messages would include 
much of what is called endocrinology today. These systems also 
have important consequences in pediatric and geriatric medicine. 

Two examples involve the immune system’s response to 
offending agents and the blood vascular system’s reaction to infec- 
tion. A network for sending and receiving these messages extends 
throughout the body, but the study of how the messages are formed 
and sent and how they are received by other ceils has only begun. 
Full understanding of these mechanisms should greatly improve 
the treatment of shock, ally, infectious diseases, and hypertension. 

The Howard Hughes Medical Institute Unit in 
Molecular and Genetic iLledicine 

The Unit in Molecular and Genetic Medicine is expected to be the 
lynch pin that iis basic scientists with clinical scientists. It will be 
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responsible for speeding the transfer of basic information into clini- 
cal science and vice versa by determining what questions about 
gene organization and regulation are relevant to understanding 
diseases uncovered by or being treated by clinical scientists. 

The Unit will be concerned primarily with questions of 
gene structure, organization, and regulation in genetically based 
diseases. Its research is likely to provide the basis for the mapping 
of genetic diseases to particular locations on a chromosome and for 
learning how rearrangements or mutations of chromosomes occur 
and cause disease; the development of rapid, precise, and efficient 
diagnostic tests for known genetic diseases; and the development of 
therapy based on gene or cell replacementThe bone marrow will 
probably be the first vehicle for gene therapy because of the sub- 
stantial experience physicians have had over the past decade in 
bone marrow transplantation in the treatment of blood cancers, 
anemias, and congenital immune deficiencies. 

The Unit in Molecular and Genetic Medicine is expected 
to be particularly important in the training of a new generation of 
scientist/physicians who will work at the interface of medicine and 
molecular biology.T’he laboratories that will make up the Unit have 
been funded by the Howard Hughes Medical Institute. 
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Gary Schwlmk. MD u\ asstianf pmfezar 
of medicme and medical microbtoi~, chief 
of the Infechous Disease SeMce at the VA 
medial center. and heads a new Dition of 
Ceograpluc Medicme. 

He and ha coiieagua in the Diviwn 
helleve that thetr work can build a bridge 
berween the advanced hiotechnolog of 
the West and the medal needs “t Third 
World c”,mties.“We take a goal werest 
m  thse problems” he says. “berause of the 
signifmce ot thse &cnons for the health 
of nullions of the world’s pfopia. becauv 
of the emergnulg ~eopoi~tical imporrance “t 
thee counm~, and heraw molealar 
biology has made of posstble to create new 
reagents for the dngnosls, prevention. and 
therapy of these diseases. Moreover. 8 IS 
a maner of sample ethn, m  my ww for an 
affluent county and a preemment umver- 
wy to focus their expemx and r~ources on 
the need- of 165 fortunate peoples” 

DC Schcoln~s labaaroy has been 
woriung wnh a group of path%em that are 
wxdespread and wulenf m  developing 
counma. three bacterial spedes that cause 
serious mfectiou diarrhea: human pap& 
loma mu. which is amnated u~th cenxal 
cxcmoma. the second most common 
cancer of women m  the’I?xd World. and 
gonorrhea, whsh has resulted m  an ep- 
denuc of mffml,~ ,n Westrrn Afnca lo each 



LINKAGES FROM CENTER To PROGRAM 

program k tided by the NIH and cumndy 
mok 40 wme 7he maioritv rlrct to 

I Dr. Cla;on. of the Depkw~~ nf 
Fathol~, has foxed ius rexarch mrerests 

1 on the suucture. mode of repbcanon and 
tampnon. and gcnenetlc content of mam- 
mahan mitochondrial DNA. His labora- 
tory obtained the enore nuclwtide sequence 
of mammalian mnxhondrial DNA 1x1 
1981 and now centers on delirung the mck 
alar mechamsm of genetic expression of 
thk orgmelle DNA and how nuclear genes 
control organelk biogems. 

David (Iayton 6 asuaate director 
of CMGM. 

One of the principal goals of the Center is to encourage and nour- 
ish interaction among these four units. Using broad strokes, that 
interaction might be described this way: Eiochemisqy is the well- 
spring that supplies the molecular design of how genes control 
structure. Drawing from that design, developmental bioiogfocuses 
on the processes that guide one cell to produce complex organisms 
and the genetic regulation of that process. CeJlphysio1ogvask.s how 
ceils are assembled, how they send and receive message, and how 
they are integrated into important physiologic systems. Fmallp the 
Unit in Molecular and Genetic Medicine explores the problems of 
human disease, using the tools and information that comprise 
molecular and cell biology. 

Although not housed in the Center, basic scientists in the 
Departments of Genetics, Pathology, Medical Microbiology, and 
Medicine will participate in the ongoing programs of the Center. 
Siiilarly, physicians from the clinical Departments of Medicine, 
Pediatrics, Whology. and Gynecoiogy/Obstetric, whose interests 
and activities center on human genetic disease, will form a bridging 
unit outside the center in clinical genetics. 

By providing new laboratories, construction of the Center 
permits the School to add distinguished faculty members to compie- 
ment the present professoriate. About half of the faculty investigators 
who will occupy the Center will, in fact, be newly recruited. Search 
and academic planning committees are working to identify and 
recruit the leadership for the new units and they in turn, will set 
the academic direction and recruit other faculty for the new groups. 

In planning the CMGM,graduate education has been seen 
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as one of its most critical and promising aspects. Consequently 
graduate and postdoctoral training programs that will accommo- 
date up to one hundred graduate students and nearly three times 
that number of postdoctoral fellows have assumed a high priotity in 
the planning efforts. A successful biomedical research training pro- 
gram should provide the kind of broad opportumty that is foreseen 
for the Center. The presence of world leaders in the many disciplines 
represented at Stanford should be a lodestone in attracting the best 
of the next generations of scientists. 
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THEBUILDING 

The Stanford Center for Molecular and Genetic Medicine repre- 
sents a major commitment to bridge the basic sciences and clinical 
applicationThe Center will accommodate nearly forty faculty 
members with their graduate students and research teams. Its five 
levels will provide about 100,000 square feet of laboratory and 
office space adjacent to the Sherman Fairchild science complex, the 
Research Animal Facility and the core buildings of the School of 
Medicine. It will be joined at three levels to the science complex 
and the animal buildiigs.Ihe Stanford University Hospital and the 
Childreris Hospital at Stanford are nearby 

The architects tMBT Associates of San Francisco) have 
worked closely with a faculty committee to design a visually 
pleasant building that meets the needs of today’s science and 
instrumentation. 

‘Ihe two largest progams-the Department of Biochem- 
istry and the Unit for Molecular and Genetic Medicine-will each 
occupy a full floor plus shared resources on the floor below. Bio- 
chemistry and developmental biolw will be side by side: molecular 
and genetic medicine will share a floor with physiology A central 
core of eievators and an attractive open stairway, complemented by 
open, well-lighted staircases at the comers, should ensure fast and 
easy vertical movement of people between floors. 

Four- and six-person laboratories will form the perimeter 
of the four above-grade levels with faculty offices opening into the 
laboratories, so the investigator is part of the experimentai activity. 
Each floor will also have a core of common space: laboratory sup- 
port; a conference/library/lounge area; a pantty, copy rooms, and 

office servicesThe ground floor will hold a EC-person lecture hali. 
a dining commons, specialized instmmentation facilities, electrical 
and machine shops, and administrative offices. Design is under way, 
with construction scheduled to begin in summer 1086 and compie- 
tion two years later The buiiding will cost nearly $50 million and 
will be funded entirely by gifts. 

‘Ihe founding contributors-the Howard Hughes Medical 
Institute, the Arnold and Mabel Beckman Foundation, and the 
Lucille EMarkey Charitable Trust-will be joined by other philan- 
thropic individuals and foundations. Gifts will support construction 
of the building and related research programs to be carried on by 
faculty and student research groups. 

Funds from the Howard Hughes Medical Institute and the 
Beckman Foundation contributed to the building; the Markey Trust 
established the new Department of Developmental Biology. 
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CONCLUSION 

Recent advances in biology have triggered a revolution, perhaps the most profound intellectual 
revolution of our time.The logic of life, its origin and evolutionary history, stand revealed in each 
organism’s genes. Now, many of the conjectures concerning the extraordinary diversity and relat- 
edness of living forms are informed by precise information on the molecular structure, expression, 
and regulation of genes. 

Once as inaccessible and mysterious as the material of the galaxies, genes are now readily 
obtainable in pure form and in virtually unlimited quantities for chemical analysis and modification. 
This achievement has radically altered our perspective on health and disease. Indeed, most-perhaps 
ail-human disease results from inappropriate gene structures that alter or prwent normal func- 
tion.These discoveries and the promise of others to come have profound implications for the future 
of medicine, for they have placed us at the threshold of new methods of diagnosis, prevention, and 
treatment of human disease. 

Stanford’s commitment to the establishment of a Center for Molecular and Genetic Medicine 
is innovative and bold and thereby honors Stanford’s pioneering traditions in science and medicine. 
Moreover, the expansion of our efforts in molecular, cellular, and developmental biology builds on the 
strengths of an already distinguished faculty and teaching programs in these areas of research. But 
placing that growth in the midst of existing and newly recruited scientist/physicians, physician/ 
scientists, and their students will speed the exchange of discoveries and new technologies between 
the laboratory and the clinic. Bridging the discovery gap between basic science and clinical medicine 
is the keystone for building the “new medicine: 

Having been an early participant in fomenting the current biological revolution, it is my 
privilege to lead the explorations of its applicabiity to the needs of medicine. Our success in mounting 
this ambitious venture and the prospects for making it a reality owe much to the encouragement 
and financial support of several founding organizations and individuals who share that vision. 

Paul Berg, PhD, Director, Center for Molecular and Genetic Medicine 
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